. Summary of restraints used for structure calculations and the structural statistics for lc apo DHFR and its DHFR.NADPH and DHFR.TMP complexes.
DHFR has an N-terminal Met residue. Red colour indicates data for residues < 4 Å from ligand and yellow indicates data for residues <10 Å from ligand. Distances for residues in the folinic acid containing complexes were estimated from the L.casei DHFR.Methotrexate structure (33). The random coil chemical shift values are sequence corrected (Schwarzinger et al., 2001 ). PABG in a fast-exchange equilibrium with apo DHFR. The DHFR has no N-terminal Met residue. The residues marked with an asterisk were determined for apo-DHFR by the PABG titration. Residual dipolar couplings (Hz) 0.000 ± 0.000 0.000 ± 0.000 0.002 ± 0.001 Ramachandran plot statistics % of residues in most favored region 81.5 84.6 87.9 % of residues in disallowed region 0.0 0.0 0.0
RMSD from idealised covalent geometry

C. Pairwise superimposition (Å)
Number of conformers in family 25 30 33 Backbone (C, Cα, N) RMSD of the residues 1-160
1.42 ± 0.44 2 0.50 ± 0.07 0.55 ± 0.06
All heavy atoms RMSD of residues 1-160 2.04 ± 0.41 1.02 ± 0.06 1.21 ± 0.07 (Schwarzinger et al., 2001 
Supporting Material
Structure of lc DHFR-TMP binary complex
The structure calculations for this complex yielded a family of 33 calculated structures with a backbone RMSD of 0.55Å. A superimposition of the representative structure of the lc DHFR.TMP binary complex on that of the lc DHFR.TMP.NADPH complex resulted in a backbone RMSD of 1.55Å.
The A-B loop (residues 9-23) contains an antiparallel β-sheet with a hairpin conformation in the centre. However, the exhibited number of hydrogen bonds is somewhat smaller than that detected in the NADPH containing DHFR complexes (7).
After analysis of the final structure, the only hydrogen bonds found near the centre of the loop (residues L14-H18) are those between D16(NH)-D125(Oδ2) and L15(NH)-H18(O). The G14(O) atom is rather distant (3.8 Å) from potential hydrogen bond donors such as (D125(NH) or T126(NH)). Thus, although the previously observed geometry of the closed A-B loop is generally preserved it is somewhat disrupted.
Furthermore the A-B loop partially occupies the reduced nicotinamide ribose binding site.
The catalytically important helix B is capped by a hydrogen bond formed between the carbonyl oxygen of F30 and the γ-hydroxyl proton of T34 which can be seen directly in the spectrum.
The bound trimethoprim occupies the folate binding site and has a well defined structure with the torsion angles τ 1 (C4-C5-C7-C11) and τ 2 (C5-C7-C11-C12) having values of 175º±23 and -71º±26 respectively. The O-CH 3 bonds of the 3'-and 5'-methoxy groups were fixed in the aromatic ring plane and that of the 4'-methoxy group at right angles to the plane, by introducing artificial torsion angle restraints.
The trimethoxy ring of the TMP molecule forms numerous tight hydrophobic contacts with residues in the folate binding cleft. Extensive NOEs between the TMP methyl groups and L19, L27, F30, F34 side chains are observed. The closest (1.9-2.0Å) interatomic contacts are found between the 3'-methoxy group protons and those of the H18 and L19 side-chains. The exhibited pattern of hydrophobic contacts is similar to those typically found for bound methotrexate and trimethrexate (28).
The more polar 2,4-diaminopyrimidine ring of the inhibitor forms fewer hydrophobic contacts, although it is firmly fixed by several hydrogen bonds and electrostatic interactions. Based on previous studies of the 15 N chemical shift of N1 in bound TMP, the N1 atom is known to be protonated and positively charged (Roberts et al., (1981) ; Bevan et al., (1985) ). The protonated N1 of TMP (interatomic distance of 3.20Å)
electrostatically interacts with an oxygen of the D26 side-chain carboxy group, the latter also simultaneously forming a hydrogen bond with one of the 2-NH 2 hydrogen atoms of the ligand (2.2Å). The protonated N1 is also within the binding distance of T116 (Oγ1) oxygen. The pyrimidine N2 and N4 amino protons form hydrogen bonds with the backbone oxygen atoms of L4 and A97. It is worth noting that no artificial distance restraints were added to enforce the observed pattern of hydrogen bonds and electrostatic interactions involving the pyrimidine ring. A brief report on the structure of the lc DHFR-TMP binary complex was published earlier (12).
Ligand-induced chemical shifts
There are a large number of protein residues in contact with the ligands (less than 4Å 
Structure Determination Materials and Methods
Spectra were processed by NMRPipe (Delaglio et al., (1995) ) and analyzed using SPARKY (from Goddard and Kneller, http://www.cgl.ucsf.edu/home/sparky). (Polshakov et al., (1999 Table S2 .
Distance restraints
The interproton distance restraints were obtained from NOEs measured in 3D 1 H/ 15 N NOESY-HSQC, 1 H/ 13 C HSQC-NOESY, 2D NOESY and 2D 15 N-rejected NOESY spectra as described earlier (28). The latter experiment was used to collect distance restraints between 15 N-labelled DHFR and unlabelled NADPH. The NOEs were divided into four classes corresponding to the upper distance restraints of 2.5, 3.5, 4.5 and 5.5Å. In several cases upper limit of 6.0 Å was applied in order to take into account spin diffusion effects applied in the cases where the NOEs arise in 100 ms mixing time NOESY spectra. The lower distance limit was explicitly set to 0.0Å to achieve improved sampling of conformational space in the initial simulated annealing calculation (Hommel et al., (1992) ). An r -6 sum average, where the r -6 distance is weighted by the number of ambiguous NOEs (Nilges, 1995) , was used for all NOEs involving more than two protons. The number and distribution of NOEs used in the structure calculations for apo lc DHFR and the complex DHFR.NADPH and DHFR.TMP are provided in Table S1 .
The main set of backbone φ and ψ dihedral angles was calculated from the chemical shift values of backbone atoms 13 Cα, 13 Cβ, 13 C', 1 Hα, 1 HN and 15 N using TALOS software (Cornilescu et al., (1999) ). Additional dihedral angle constrains and stereospecific assignments were obtained using the program AngleSearch (Polshakov et al., (1995b) ). The 3 J HN,Hα coupling constants used in the calculations were measured from HNHA spectra (Vuister & Bax, (1993) ), the 3 J N,Hβ and 3 J N,Hβ' were estimated from HNHB spectra (Archer et al., (1991) ). The corrected Karplus coefficients for 3 J N,Hα(i-1) (Wang & Bax, (1995) ) were used for the estimation of ψ torsion angles from HNHB spectra. The number of dihedral restraints used in the structure calculations is provided in the Table S1 .
Hydrogen bond restraints
Hydrogen bond restraints involving backbone NH protons were included in the calculation only after they had been identified in the family of structures using HBPLUS (McDonald & Thornton, (1994) ) and only where a corresponding slowly exchanging NH proton had been identified in the spectra recorded in D 2 O. Two distance restraints were used for each hydrogen bond 1.7-2.5Å corresponding to the distance between the hydrogen and the acceptor atom and 2.7-3.5Å corresponding to the distance between the donor heavy atom and the acceptor. The numbers of hydrogen bond restraints involving backbone NH protons together with those involving the ligand and/or side chain residues included in the final calculations are summarised in Table S1 .
The intramolecular H-bond interaction seen in all lc DHFR/TMP/NADPH complexes between D25 β-CO 2 -(in helix B) and H153 He1 is also present in the folded form of apo lc DHFR: the 1 H chemical shift of H153 He1 and 15 N shift of the D25 NH are characteristic of values seen in complexes where this interaction has been shown to be present. This interaction provides a further constraint for defining the structure.
Structure calculations and structure analysis
The CNS program version 1.2 (Brünger et al., 1998) with a simulated annealing protocol was used in the structure calculations. Initially only unambiguously assigned NOEs and torsion angle restraints were used in the calculations but the final refinement included all the experimental restraints (Table S1 ) and contained 10 ps of high temperature (1000 K) restrained molecular dynamics followed by a 40 ps slow cooling stage and 1000 steps of energy minimisation. Residual dipolar coupling values measured at 293 K for apo lc DHFR and 309 K for the complex of DHFR-NADPH were used in the final stages of structure refinement. Parameters of the alignment tensor and orientation of the molecule were optimized during the simulated annealing for each conformer in the NMR family using the NMRest software written in-house. During several iterative cycles of the structure calculations, all experimental restraints were checked and adjusted when necessary using the program NMRest.
The quality of the final ensemble of structures was assessed with PROCHECK-NMR/Aqua (Laskowski et al., (1997) ), PROMOTIF (Hutchinson &Thornton, (1996) ), HBPLUS (McDonald & Thornton, (1994) ) and MolMol (Koradi et al., (1996) ). The analyses showed that in all cases there are no residues in disallowed regions of the 
